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Field of the Invention
This invention relates generally to automotive exhaust systems and particularly to systems for managing and uti lizing heat generated in catalytic converters.
State of the Prior Art
Most vehicle exhaust systems and particularly exhaust systems of vehicles powered by gasoline-fueled internal combustion engines are equipped with catalytic converters for reducing noxious emissions in exhaust gases. The most effective current technology catalytic converters comprise ceramic substrates coated with one or more noble metal catalysts, such as platinum, palladium, or rhodium. The preferred noble metal for high temperature hydrocarbon reduction is palladium, and rhodium is effective for improv ing nitrous oxide and carbon monoxide emissions. So called 3-way catalytic converters typically include combinations of these noble metals that catalyze two oxidation reactions which oxidize carbon monoxide to carbon dioxide and oxidize hydrocarbons to carbon dioxide and water. At the same time, nitrogen oxides are reduced to nitrogen and oxygen. These reactions are very effective at certain high temperatures. However, until the catalystis warmed up to its light-off temperature, defined as the temperature required to oxidize 50% of the hydrocarbons, the effectiveness of cata lytic converters is very low. For Example, J. C. Summers et al., in their paper "Use of Light-Off Catalysts to Meet the California LEV/ULEV Standards," Catalysts and Emission Technology, Society of Automotive Engineers Special Pub lication No. 968, Warrendale, Pa., 1993 , reported that roughly 60-80% of the tailpipe hydrocarbon emissions occur during the initial cold start (Bag 1) phase.
To reach light-off temperature more quickly, it is desirable to retain exhaust heat as much as possible in the catalytic converter, at least until the light-off temperature, usually in the range of about 600-800° F, is reached. Providing an insulation jacket around the catalytic converter can help to retain heat. However, the temperature of a catalytic con verter during extended operation once the light-off tempera ture is reached can rise very rapidly from the exothermic heat of the catalytic reactions with the exhaust gases. If the   10   15   20   25   30   35   40   45   50   55   60   65   2 heat generated during extended operation or from fuel-rich gases reacted in the catalytic converter cannot be dissipated efficiently, it can build up to a point that accelerated aging of the catalyst or even permanent damage to the catalytic converter or to adjacent components or objects can result. Therefore, the maximum desired operating range is usually about 1,500°F. This problem was addressed by the U.S. Pat. No. 5,163,289, issued to D. Bainbridge, which discloses an insulation jacket around a catalytic converter wherein the insulation is a refractory fiber that conducts heat better at higher temperatures than at lower temperatures. While that approach was a start in a helpful direction, better control and more effective thermal management of catalytic converters is still needed for further reducing exhaust emissions and for utilizing heat produced in catalytic converters.
SUMMARY OF THE INVENTION
Accordingly, it is a general object of the present invention to provide a better catalytic converter heat management system for reducing and in some conditions even eliminating the time required to reach light-off temperature in motor vehicle exhaust catalytic converter systems while preventing excess heat build up during extended operating conditions.
It is another object of the present invention to provide adequate heat shielding around catalytic converters in motor vehicle exhaust systems to protect adjacent or nearby tem perature-sensitive materials and components during extended periods of hot operation.
It is another object of the present invention to enable dumping or dissipating heat safely from catalytic converters in motor vehicle exhaust systems under conditions when excessive heat build up and temperatures threaten the con tinued effective life of the catalytic converter.
Another object of this invention is to provide structures and methods for managing heat generated in catalytic con verters in efficient and useful applications.
A more specific object of this invention is to provide a controllable insulation and energy converter jacket for a catalytic converter that can be used to retain heat and maintain catalyst temperatures above the light-off tempera ture for extended periods of time and decreasing the time to reach light-off temperature in conditions when light-off temperature cannot be maintained, protect catalytic con verter materials and surrounding components or environ ments from excessive heat and temperature build up, stabi lize operating temperatures of catalytic converters and other exhaust system components, and put heat generated in catalytic converters to more beneficial uses.
Additional objects, advantages, and novel features of the invention shall be set forth in part in the description that follows, and in part will become apparent to those skilled in the art upon examination of the following or may be learned by the practice of the invention. The objects and the advan tages may be realized and attained by means of the instru mentalities and in combinations particularly pointed out in the appended claims.
To achieve the foregoing and other objects and in accor dance with the purposes of the present invention, as embod ied and broadly described therein, an exhaust management system is provided comprising variable and controllable insulation around the catalytic converter that can be turned on to maintain heat in the catalytic converter when no exhaust gases are being reacted in the catalytic converter or when the temperature of the catalytic converter is less than the optimum or light-off temperature, but which can be 5,477,676 3 turned off when the temperature of the catalytic converter rises above the optimum or light-off temperature. The insu lation can preferably also be maintained in a state or in a variety of states between on and off to moderate tempera tures in a catalytic converter assembly. The variable and controllable insulation can be a vacuum insulation with gas or solid conduction control capability for selectively enabling or disabling the insulation. Aheat exchanger can be provided to conduct heat away from or to the catalytic converter, and the heat exchanger can be jacketed by com pact vacuum insulation to help retain heat during times when the variable conductance insulation is turned on.
BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated in and form a part of the specifications, illustrate the preferred embodiments of the present invention, and together with the descriptions serve to explain the principles of the invention.
In The internal catalyst housing 12 is enclosed within an outer housing 24 that is positioned at a distance spaced radially outward from the inner catalyst housing 12. The outer housing 24, like the inner housing 12, is preferably fabricated of metal or other material that is impervious to gas, even in a hot and high-order vacuum environment. The annular chamber 30 enclosed between the inner housing 12 and outer housing 24 is evacuated. The insulating perfor mance of chamber 30 is preferably variable in a controllable manner, as will be described in more detail below. Suffice it to say at this point that the thermal insulating effect of chamber 30 can be enabled to inhibit transfer of heat from the catalyst substrates 14, 16, and 18 out of the inner housing 12 to the outer housing 24 to prevent it from dissipating to the surrounding environment, or it can be disabled to allow such heat transfer and thereby to "dump' heat from the catalyst reaction of exhaust gases into the surrounding environment. It can also be preferably enabled or disabled to varying degrees between fully enabled or fully disabled, depending on the heat conductance or insulative capacity needed at any time. Therefore, the insulating chamber 30 can be enabled to retain heatin the catalyst substrates 14, 16, and 18, for example upon starting the engine, to shorten the time required for the catalyst to reach light-off or optimum operating temperature. It can then be disabled when the catalyst reaches an optimum operating temperature to pre vent excessive heat build up and high temperatures that could damage the substrates 14, 16, and 18 or shorten the useful life of the catalyst material coated on the substrates 14, 16, and 18. Perhaps more importantly, however, the insulation chamber 30 can be enabled when the engine is turned off to hold the heat in the catalyst substrates 14, 16, and 18 for as long as possible in order to keep the tempera ture above the light-off temperature of the catalyst until the next time the engine is started, or at least to keep the substrates 14, 16, and 18 above ambient temperature to minimize the time it takes to raise the catalyst to light-off temperature the next time the engine is started.
Such variable conductance insulation and methods and apparatus for controlling the thermal transfer capabilities are illustrated and described in detail in our U.S. patent appli cation Ser. No. 07/960,885, which is incorporated herein by reference. Essentially, the vacuum chamber 30 is sealed from the inside of inner housing 12 where the exhaust gases flow through the catalyst substrates 14, 16, and 18, and it is sealed from the environment exterior to the outer housing 24. Exactly how such sealing is accomplished is not neces sarily limited to any particular technique. However, for a long-lasting seal, it is preferred that the seal be made by metal-to-metal welds. For example, as illustrated in FIG. 2 of the thermal resistance nodes are where the diametrically opposite sides of the spherical beads 44 contact the inside surfaces of the respective liners 46 and 48. Of course, the curved liners 46 and 48 are not required, but they increase the resistance to heat flow through the spherical beads 44. Also, the beads 44 could be elongated strands wrapped around the inner housing 12, but that configuration would provide a greater contact surface area. Ceramic spacers 50 are preferred over glass, porcelain, or other materials because ceramic can be fabricated of materials having higher melting temperatures, which may be necessary to preserve structural integrity in the high temperature envi ronments generated by the catalytic reactions.
The exhaust gas paths between the inner end plates 32,34 and the outer end plates 38, 40 are preferably enclosed by gas-impermeable, but thin metal foil ducts 52 and 54 welded to the respective metal end plates 32, 38, and 34, 40 to maintain the vacuum-tight seal of the insulating chamber 30 between inner housing 12 and outer housing 24. The ducts 52, 54 are also preferably folded or corrugated like bellows to increase the effective distance that heat would have to travel in conduction from the inner housing 12, through the ducts 52, 54, to the outer housing 24. A plurality of thin, reflective metal foil radiation shields 56 which could be separated by spacers 58, preferably made of ceramic, but not a significant outgassing material, can be placed in chamber 30 to inhibit radiative transfer between the inner housing 12 and outer housing 24.
The chamber 30 is evacuated to a high order vacuum, preferably in the range of 10 to 10 torr for a highly effective vacuum insulating effect. However, a vacuum insulation disabling system, such as the gas control system 60 illustrated in FIG. 2, can be included to selectively enable or disable the insulation effect of vacuum chamber 30. This gas control system 60, as described in our U.S. patent application Ser. No. 07/960,885, can comprise a hydrogen gas source, such as a metal hydride 62, and a hydrogen window or gate, such as palladium 64, enclosed in respec tive metal containers 66, 68, and connected via a conduit 70 to the vacuum chamber 30. When the metal hydride 62 is heated, for example by an electric heating element 72, it gives up hydrogen gas, which flows into chamber 30 and conducts heat across chamber 30, thereby effectively dis abling or turning off the insulation effect of chamber 30. Then, when the metal hydride 62 is cooled, it recaptures the hydrogen gas and creates a low pressure gradient in the container 66 that pulls the hydrogen gas back from chamber 30, thereby re-enabling or turning on the insulation effect of chamber 30. The palladium gate 64 allows the hydrogen gas to pass through when it is heated, such as by the heating element 74, but it is impervious to the hydrogen gas when it is not heated. Therefore, the hydrogen gas, once intro duced into chamber 30 by heating both the metal hydride 62 and palladium gate 64, can be retained in the chamber 30, even when the electric power is turned off for the heating element 72, by also turning off the electric power to heating element 74 and allowing the palladium gate 64 to cool. In fact, the palladium gate 64 would normally be allowed to cool first, before cooling the metal hydride 62, to be sure substantially all the hydrogen is trapped in chamber 30 for 6 maximum insulation disablement by the gas control system 60. Then, when the insulation is to be turned back on again, only the palladium gate 64 has to be heated momentarily to allow the hydrogen gas to be pulled out of chamber 30 through the palladium gate 64 and back into the metal hydride 62. Of course, the respective heating and cooling of the metal hydride 62 and palladium gate 64 can be controlled and timed to only partially enable or disable the gas con ductance of heat across chamber 30 to any desired extent and thereby to vary or control the rate of heat transfer anywhere between full on and full off.
Electric power for operating the gas control system 60 as described herein can be from battery power, as indicated at 88. However, it is also an appropriate application for use of thermoelectric or thermovoltaic energy source devices using heat generated by the catalytic converter. In fact, output of sufficient heat from the catalytic converter to start producing some threshold level of electricity in such thermoelectric or thermovoltaic device could start and sustain the heat con ductance of the insulation chamber 30.
The heating elements 72, 74 can be turned on and off by any suitable electrical control system, such as respective relay switches 82, 84 controlled by a suitable electronic control unit 86, such as a microprocessor or other logic circuit, as would be well within the capabilities of persons skilled in designing and fabricating electric control circuits, once the principles of this invention are understood. For example, the control unit 86 could include a timing capa bility connected to the motor vehicle ignition switch 76 or other circuit that indicates when the engine E (FIG. 1) is started and then actuate the relay switches 82, 84 to turn off the insulation chamber 30 after an appropriate time interval that is set to allow the catalyst substrates 14, 16, 18 to reach the optimum catalyst operating temperatures. Then, the control unit 86 can be programmed to turn the insulation chamber 30 on again, when the engine E is turned off in order to retain the heat in the catalyst substrates 14, 16, 18 as long as possible during the time that the engine E is not operating, rather than allowing it to cool quickly to ambient temperature. When controlled in that manner, the catalysts substrates 14, 16, 18 may be maintained at temperatures above light-off temperature for extended periods of time until the engine E is started again, thus having the benefit of facilitating the catalytic reactions on the exhaust gases almost immediately to reduce harmful exhaust emissions, rather than suffering the delay required to reach light-off temperature again from ambient temperature. This benefit is illustrated by FIGS. 3 and 4. Referring first to FIG.3 , the curve 90 illustrates the relation between engine operation time and catalyst temperature in a conventional catalytic converter (not shown), while the curve 100 illus trates exhaust emissions from a conventional catalytic con verter in relation to time of engine operation and to the time-temperature profile curve 90. For example, in conven tional catalytic converter operation before the engine is started, the catalyst temperature, as indicated at 91, is essentially at ambient temperature T. Ambient temperature T, of course, can be over 100°F. in the summer or less than O. F. in the winter, but in any event is far below the typical 600-800° F light-off temperature T, of state-of-the-art catalysts. When the engine is started at an initial time t, the exhaust temperature is initially relatively cold, and the exhaust gases are wet and rich with unburned fuel. There fore, as illustrated at 102, the exhaust emissions E of the cold engine and the cold catalytic converter are very high during an initial warming period 92. When light-off tem perature T (about 600-800°F) is finally reached at a time 5,477,676 7 t after an initial warm-up period 92 (typically about 60-180 seconds) driven by the heat in the exhaust gases from the engine, the exothermic heat from the catalytic reactions with the exhaust gases in the catalytic converter drive the tem perature up at a much accelerated rate, as indicated at 94, until some equilibrium operating temperature T is reached at a time t. Light-off temperature T, as indicated above, is defined as the temperature at which emissions E. have 50% of the hydrocarbons converted by the catalyst. During this same time interval from t to t (about 30-60 seconds), the catalytic reaction becomes much more effective, and the emissions decrease rapidly, as illustrated at 104, to an operating level E, which is substantially maintained as long as the engine is running. The specific operating temperature T will, of course, depend on a number of factors, such as fuel content in the exhaust gases, engine load and exhaust volume or flow rate, effectiveness of the catalyst, and heat dissipating capabilities of the catalytic converter, but it is intended to be high enough (about 1,200 F) to catalyze the emission-reducing reactions efficiently, but not so high as to damage the catalyst, its substrate, or adjacent components or structures. When the engine is turned off, such as at a time t, the emissions, of course, end abruptly as indicated at 106, and the catalytic converter, including the catalyst, cools quite rapidly as indicated at 96, to ambient temperature To again at some time t, which, depends on many factors, such as environmental weather or other conditions, what the ambient temperature T is, and the structure and placement of the catalytic converter in the vehicle. Generally, however, it could be expected that a typical conventional catalytic converter will cool down below light-off temperature T within about 20 to 40 minutes and to near-ambient tempera ture To in about 4 to 6 hours. The shaded area 108 under curve 100 represents overall emissions during the engine operation.
Referring now to FIG.4 , the time-temperature profile 110 and corresponding time-emissions profile 120 of a catalytic converter 10 (FIG. 2) constructed according to the present invention illustrates the modified temperature management and resulting improved emissions reduction of this inven tion. The effectiveness of the insulating performance of chamber 30 and associated thermal storage elements accord ing to this invention is sufficient to hold heat in the catalytic converter substrates 14, 16, 18 (FIG. 2) for up to 40 hours or more with less than five (5) pounds of thermal storage or heat sink material, depending on ambient temperature and other ambient weather conditions. Therefore, unless the vehicle has not been driven for a very prolonged period of time, the catalyst temperature before start-up at to will still be above ambient temperature To, and most likely very near the light-off temperature T, as illustrated at 111, if the engine E has been operated within the preceding twelve hours, which is typical of the use of most motor vehicles used to commute between home and work. If the vehicle has been driven even more recently, such as within the past ten to twenty hours, the insulation chamber 30 and associated thermal storage elements will have maintained the catalyst substrates 14, 16, 18 above light-off temperature T, as illustrated at 111'.
When the engine E (FIG. 1) is started at a time to the already warm catalyst at 111 or 111" (FIG. 4) is already effective at catalyzing some exothermic reaction with exhaust gases. Therefore, if the catalyst is not already at or above light-off temperature T, it gets there within a very short time period to to T on the order of about 60 seconds, as illustrated at 112. This warm-up period to to t is short ened not only by having the catalyst already warm at start-up confining exothermie reaction and exhaust heat in the cata lyst substrates 14, 16, 18 during warmup. Therefore, the warm-up period of high emissions E, illustrated at 122, during the period oft to t is also very short, certainly much shorter than the period of high emissions E for conventional catalytic converters, as illustrated by the curve 100, which is superimposed from FIG.3 onto FIG. 4 in broken lines. The warm-up emissions are even less, as illustrated at 122 when the engine is started with the catalyst temperature above light-off temperature T. Of course, once light-off tempera ture T is reached att, the exothermic reaction increases the temperature of the catalyst very rapidly, as shown at 114, to an optimum operating temperature T. At the same time emissions decrease to a low operating level E, as illustrated at 124. At the optimum operating temperature T, the gas control 60 (FIG. 2) can be actuated to turn the insulation chamber 30 off in order to allow dissipation of excess heat created by the exothermic catalytic reaction with exhaust gases into the environment surrounding the outer housing 24. When the engine is turned off, such as at time t, the emissions, of course, stop, as shown at 126. However, as soon as the engine E (FIG. 1) is turned off at time t (FIG.  4) , the gas control 60 (FIG. 2) is actuated to turn the insulation chamber 30 back on to prevent rapid cooldown of the catalyst to ambient temperature To The much slower cool down with the insulation chamber 30 turned on is illustrated at 116 in FIG. 4 , and, as discussed above, the catalyst can be kept above ambient temperature To for up to 40 hours or more.
The overall emissions during operation of a motor vehicle equipped with a heat-managed catalytic converter system 10 according to this invention is illustrated by the shaded area Referring again to FIG.2 , while the control unit 86 can be set up to turn the insulation chamber 30 off at some pre-set time after engine start-up, which is preferably a sufficient time for the catalyst to reach light-off temperature T, as described above, other inputs and controls can also be used, as would be within the capabilities of persons skilled in this art, once the principles of this invention are known. For Example, an input from a temperature probe 78 in contact with the inner housing 12 could be used to actuate the gas control 60, such as to shut off the insulation chamber 30, when the temperature of the inner housing 12 reaches a certain desired operating temperature. Of course, such a temperature probe 78 would have to be well insulated from the environment and from the outer housing 24 to avoid heat conduction therethrough when the insulation chamber 30 is turned on. It would also have to be sealed against leakage where it emerges through the outer housing 24, such as with ceramic sealing connectors similar to those described in our U.S. patent application Ser. No. 07/960,885.
An alternative or additional temperature probe 79 in the downstream exhaust outlet 130 to measure the temperature of the exhaust gases emerging from the catalytic converter 10 could also be indicative of, even if not exactly the same as, the temperature level of the catalysts, thus useable for actuating the gas control 60. Such an alternative temperature probe 79 in the outlet 130 would not have to be insulated to 5,477,676 9 avoid heat transfer or sealed to hold a vacuum, as would be required for the probe 76 extending through the insulation chamber 30.
Other inputs, such as a temperature sensor 80 positioned adjacent the outer housing 24, could be used to turn on or off the insulation chamber 30. For example, if other components or structures (not shown) near the catalytic converter 10 can withstand temperatures only so high, the temperature sensor 80 could cause the control unit 86 to actuate gas control 60 to turn on the insulation chamber 30 if the temperature of heat 81 radiating from the outer housing 24 goes above a preset level.
On the other hand, in other applications, it might be more important to "dump' heat from the inner housing 12 and catalyst substrates 14, 16, 18 faster than the turned off insulation chamber 30 can handle. Therefore, metal-to-metal contacts to function as thermal shunts between the inner housing 12 and outer housing 24 can be provided. For example, as shown in FIG.2 , one or more bimetallic dimples or actuators 132, similar to those described in our U.S. patent application Ser. No. 07/960,885, can be provided in the inner housing side wall 36 and designed to actuate from a normally concave configuration to an alternate convex configuration, as indicated by broken lines 132, when the inner wall 36 reaches a predetermined maximum tempera ture. Thermal shunt posts 134, preferably made of a good heat conducting metal, extends from the outer wall 42 of outer housing 24 into close enough proximity to the respec tive bimetallic actuators 132 such that when the bimetallic actuators snap to their convex configurations 132, they will make metal-to-metal contact with the posts 134. When such metal-to-metal contact is made, the posts 134 conduct heat very rapidly from the inner housing 12 to the outer housing 24, where it can dissipate to the surrounding environment.
It may also be desirable in some circumstances or appli cations to enhance conduction of heat from the catalyst substrates, such as the fore and aft substrates 14, 18, to the inner housing wall 36 and into the insulation chamber 30, such as where the substrates 14, 18 are made of ceramic materials that are poor conductors of heat. Such enhanced heat conduction can be provided by one or more elongated spikes 136, having one end extending into the substrates 14, 18 and the other end extending through inner housing wall 36 and into the insulation chamber 30. If these spikes are not long enough to contact the outer wall 42 so that there is no metal-to-metal heat conduction through them to the outer housing 24, they will still conduct heat to the hydrogen gas in the insulation chamber 30 when the insulation chamber 30 is turned off by gas control 60, as described above.
Alternatively, the spikes 136 can be designed and posi tioned to not contact outer housing 24 at lower temperatures, but to elongate enough by thermal expansion to contact the outer sidewall 42 of housing 24, as indicated at 136 in FIG. 6, at higher temperatures. Once contact is made, as indicated at 136, the spikes 136 become a thermal shunt or short circuit to conduct heat directly from the inner housing 12 to the outer wall 42 of outer housing 24. To function in this manner, the spike 136 is anchored at its mid-section by welding 135 to the cylindrical wall36. Therefore, as it heats up, the spikes 136 expand axially at both ends, as indicated by the phantom lines 136 ' and 136" in FIG. 6 . The heat required to cause sufficient expansion of spike 136 to contact outer sidewall 42 as shown at 136' can be designed into spike 136 taking into consideration such parameters as the length of spike 136 extending outwardly from the welded attach ment 135 to cylindrical wall 36, the type of metal or other material of which spikes 136 are fabricated and its coeffi 10 cient of thermal expansion, the gaps between the ends of spikes 136 and the outer sidewall 42, and the like. The catalytic converter 10 can be designed and fabricated with a plurality of these spikes 136 having different lengths or made of different materials with different coefficients of thermal expansion, so that they do not all make contact with the outer sidewall 42 at the same time or at the same temperature in order to vary the number of thermal short circuits, thus varying the overall thermal conductivity across the chamber 30. The spike 137 shown in FIG. 6 is an alternate that extends only radially outward from the cylin drical wall 36 and not inward, so it picks up heat only from the cylindrical wall 36, which can be another variation of design for establishing a thermal short circuit.
It may also be preferable, but not necessary, to provide additional radiation and convection heat control by provid ing a heat absorber or retarder material 138, as shown in  FIG. 2 For more extensive exhaust heat and emissions manage ment according to this invention, an alternative embodiment catalytic converter 140 with heat storage and heat exchanger features is illustrated in FIG. 5 . However, before proceeding with a detailed description of the catalytic converter 140, reference is first made again to FIG. 1. In this embodiment, heat generated by the exothermic catalytic reactions with exhaust gases is put to beneficial uses, stored, or dissipated, as appropriate for a variety of reasons. For example, the catalytic converter 140 produces heat and heats up much more quickly than a cold engine E after start-up, and a cold engine E not only does not run as efficiently as a warm engine, but it also produces more harmful exhaust emissions as well as more wear on engine parts. Further, the passenger compartments of most vehicles are heated with hot engine coolant, so there is no heat for passenger comfort or wind shield defrosting until the engine E heats up not only itself, but also the coolant in the water jacket of the engine E.
Therefore, according to this invention, heat generated by the catalytic converter 140, instead of being wasted by dissipation to the atmosphere, can be gathered in a manifold 142 and directed to the water jacket of the engine E, as indicated schematically by broken lines 144, to help warm up the engine E more quickly, which in turn can get warm coolant to the passenger compartment heater Hmore quickly via the conventional heater hoses indicated schematically by the broken lines 146. Alternatively or additionally, the heat generated by the catalytic converter 140 can be carded directly to the passenger compartment, as indicated sche matically by broken lines 148 to heat seats S or other components such as windshields, steering wheels, and space heaters. Since the temperature in and immediately around an operating catalytic converter 140 are apt to be too high for standard engine coolant/antifreeze solutions, it is preferred to use a heat transfer and storage fluid 166 (FIG. 5) in the 5,477,676 11 heat exchanger chamber 164 that has a higher boiling point and is more stable than engine coolant/antifreeze solutions at such higher temperatures. Consequently, another heat exchanger interface 153 (FIG. 1) is provided to transfer more moderate heat and temperature levels to the engine coolant/antifreeze solution that is used in the vehicle engine E.
When additional heat is not needed, such as during normal extended operation of the motor vehicle with the catalytic converter 140, engine E via a connection 144, and other components already up to their normal operating tempera tures, the heat generated in the catalytic converter 140 can be directed to a heat storage sink 150, to a heat dissipator 152, or to the engine E via connection 144 from where it can be dissipated along with heat from the engine E into the atmosphere by the conventional vehicle radiator R. The actual plumbing, valves, controls, and the like for the various heat uses and components described above are not shown in detail, since they are well within the capabilities of persons skilled in this art, once the principles of this inven tion are understood. Suffice it to say that, if liquid engine coolant or other liquid medium is used to transfer heat, such a circulating circuit would comprise one conduit to send the liquid, another conduit to return the liquid, a pump, various valves, and valve controls that could be either manual or automatically operated by electricity, vacuum, or air pres sure. Also, the heat storage sink 150 can be used to store heat for later use in warming a start-up engine or a cold passenger compartment, or the stored heat might also be used to help maintain an elevated temperature in the catalytic converter itself over more extended periods of time. It can be, for example, a heat storage device such as that described in the article entitled, "Latent Heat Storage," published in the February 1992 issue of Automotive Engineering, Vol. 100, No. 2, pp. 58-61. Heat pipes, while not specifically shown in the drawings, could also be used in place of a heat transfer fluid to transfer heat to and from the catalytic converter.
Referring now to FIG. 5, the catalytic converter 140 according to this invention has the same basic components as the catalytic converter 10 described above, including, but not limited to, three catalyst substrates 14, 16, 18 contained in an inner housing catalyst 12, an outer housing 24 enclos ing a insulation chamber 30, gas control system 60, metal to-metal thermal shunt posts 134 and associated bimetallic actuators 132, and axial radiation retarder material 138.
However, the catalytic converter 140 also has at least one main heat exchanger 160 surrounding the outer housing 24 for picking up heat from the outer wall 36 and carrying it to the manifold 142 (FIG. 1) or other components or uses described above. The main heat exchanger 160 comprises an outer jacket 162 extending radially outward from the outer end walls 38 and 40 of outer housing 24 and enclosing a main heat exchanger chamber 164, which surrounds the outer wall36. The chamber 164 is built and sealed to contain a heat exchanger fluid 166, which can be either a liquid or a gas, preferably a fluid that is stable, and, if a liquid, would not reach its boiling point, at the high temperatures that would normally be encountered in a catalytic converter, as described above. Such a heat exchanger fluid might be, for example, a polyether or a silicone.
A plurality of fins 168 project radially outward from the outer wall 36 into the heat exchanger chamber 164 to increase heat exchange surface area. Consequently, when the The jacket 162 of the main heat exchanger 160, as shown in FIG. 5 , is preferably fabricated with a very effective insulating material, such as the compact vacuum insulation (CVI) that is the subject matter of our U.S. Pat. No. 5,175,975, which is incorporated herein by reference. Con sequently, when the insulation chamber 30 is turned on, e.g., when the engine E is turned off, not only are the hot inner housing 12 and hot catalyst substrates 14, 16, 18 isolated by the highly effective insulation chamber 30, but the outer housing 24 is also surrounded by the hot fluid 166 in the heat exchanger chamber 164. The CVIjacket 162 is very effec tive at maintaining the heat in the surrounding fluid 166, which further inhibits transfer of heat from the catalyst substrates 14, 16, 18 by keeping heat gradient or differential across the insulation chamber 30 very low.
Several optional features of the catalytic converter 140 include secondary heat exchangers 174, 184 to recover heat from the exhaust gas inlet 129 and outlet 130. As shown in FIG. 5, secondary heat exchanger 174 on inlet 129 includes a jacket 176 enclosing a chamber containing fins 178 extending radially outward from the inlet 129. A heat exchange fluid, such as the same fluid 166 used in the main heat exchanger 160, can be flowed through the chamber from fluid inlet 180 to fluid outlet 182 to carry heat from the fins 178 to other components for use, storage, or dissipation, as described above. Likewise, the secondary heat exchanger 184 on exhaust outlet 130 has a jacket 186 containing the heat transfer fluid medium 166, which circulates in through inlet 190 and out outlet 192 to carry heat from fins 188 to other components for use, storage, or dissipation, as described above. The jackets 176, 186 on secondary heat exchangers 174, 184 are not shown as comprising CVI, since these secondary heat exchangers do not perform the primary function of retaining heat in the catalyst substrates 14, 16, 18, although they could be made of CVI to assist in that function or otherwise to minimize heat loss to the surrounding atmosphere, if desired.
Another optional feature of the catalytic converter 140 illustrated in FIG. 5 is a solid heat sink core 194 extending through the centers of catalyst substrates 14, 16, 18. This solid heat sink core 194 serves two purposes. First, it causes the catalytic reaction of exhaust gases to occur in the outer portions of the catalyst substrates 14, 16, 18, thereby mini mizing the distance heat has to flow through the ceramic substrates 14, 16, 18 to the inner housing 12, when heat is being transferred across the insulation chamber 30. Second, the heat sink core 194 is preferably a material such as aluminum silicon or magnesium Zinc that has a large heat sink capacity, so it receives and retains a large amount of heat during catalyst operation. Then, when the engine E is turned off and the insulation chamber 30 is turned on, the heat contained in the lieatsinkcore 194 helps to maintain the temperature of the catalyst substrates 14, 16, 18 over an even longer period of time, thereby enhancing the likelihood that they will still be above or near light-off temperature, or at least above ambient temperature the next time the engine E 5,477,676 To further increase the thermal capacitance of the cata lytic converter, particularly for keeping sufficient heat stored for long periods of time to have available for heating the substrates 14, 16, 18 to light-off temperature before starting the engine E, a quantity of phase change material (PCM), such as metals, metal salt hydrates, or a hydride of trim ethylol ethane (TME) or other polyhydric alcohols, than flowing a heat transfer fluid 166 through the main heat exchanger chamber 164, as described above, the chamber 164 could be filled instead with a PCM, with or without the inlet and outlet fittings 170, 172. As heat is created by the catalytic reaction inside the inner housing 12, the thermal conductance of the insulation chamber 30 is actuated (insu lative effect disabled), as described above, to transfer the heat into the solid PCM166 where it serves as heat of fusion to melt the PCM and is stored in that manner in the liquid PCM. Thereafter, if the PCM is supercoolable or triggerable, as the hydrates or hydrides referenced above, when the engine E is turned off and the substrates 14, 16, 18 conse quently cool off, the heat of fusion in the liquid PCM is retained even as the PCM super cools below its melting temperature, as described in the U.S. Pat. No. 4,860,729 which is incorporated herein by reference. Later, when the operator decides to start the engine E, a signal from the ignition switch 76 can actuate a phase change trigger, such In another embodiment illustrated in FIG. 7 , a ceramic container 156 with an annular chamber 157 is positioned inside the innerhousing 12 and in surrounding relation to the catalyst substrates 14, 16, 18. A phase change material 158, such as aluminum or aluminum alloy almost, but not quite fills the annular chamber 157. As the catalyst substrate heats up during operation of the engine E, it also heats up the container 156 and phase change material 158. However, since ceramic is a poor heat conductor, this container and phase change material 158 does not take up heat fast enough to increase the time required to heat the substrates 14, 16, 18 to light-off temperature. Over time, however, during opera tion of the engine E, the material 158 in chamber 157 will get hot enough to melt and heat up substantially to the optimum operating temperature of the catalytic converter, as controlled according to the features of this invention dis cussed above. The slight underfill mentioned above leaves sufficient space in the chamber 157 to accommodate expan sion of the material 158 as itheats up. Then, when the engine E is turned off, the phase change material 158 will help to hold heat on the substrates 14, 16, 18. Initial cooling is in a sensible manner, as discussed above for the core heat sink 194 in FIG. 5. However, when the temperature cools down to the freezing point of the material 158, the temperature will stay constant for an extended period of time as the material 158 gives up its heat of fusion. Consequently, where the composition of the material 158 has a freezing/melting temperature above the light-off temperature of the catalyst, the material 158 helps to maintain the substrates 14, 16, 18 above light-off temperature for extended periods of time.
While the description and exemplary application of this invention has been directed primarily to vehicles with inter nal combustion engines, it is not restricted to that applica tion. Other applications can be for example, in the chemical and petrochemical industries for controlling the temperature of catalytic process reactors.
The foregoing description is considered as illustrative only of the principles of the invention. Furthermore, since numerous modifications and changes will readily occur to those skilled in the art, it is not desired to limit the invention to the exact construction and process shown as described above. Accordingly, all suitable modifications and equiva lents may be resorted to falling within the scope of the invention as defined by the claims which follow.
The embodiments of the invention in which an exclusive property or privilege is claimed axe defined as follows:
What is claim is:
1. Exhaust heat management apparatus, comprising: catalytic converter means comprising a catalyst and a substrate providing surface and support structure for the catalyst for catalyzing oxidation or reduction reac tions with pollutants in exhaust gases;
catalyst housing means for containing said catalytic con verter means and for channeling exhaust gases to the catalytic converter means; and variable conductance insulation means surrounding said catalyst housing means for selectively insulating said housing means to inhibit transfer of heat radially from said housing means in response to a first signal or for enabling transfer of heatin response to a second signal. 2. The apparatus of claim 1, wherein said catalyst housing means includes an inner metal sidewall and said variable conductance insulation includes an outer metal enclosure surrounding said inner metal sidewall and spaced radially 5,477,676 15 outward from said inner metal sidewall to enclose a main insulation chamber between said inner metal sidewall and said metal enclosure.
3. The apparatus of claim 2, wherein said main insulation chamber is evacuated to a very high grade vacuum, and wherein said variable conductance insulation means includes insulation disabling means connected to said main insulation chamber for selectively disabling heat transfer inhibiting effect of said main insulation chamber in response to said second signal or enabling heat transfer inhibiting effect of said main insulation chamber in response to said first signal.
4. The apparatus of claim 3, wherein said insulation disabling means comprises gas source means connected to said main insulation chamber for releasing gas into said main insulation chamber in response to said second signal or for recovering said gas from said main insulation chamber in response to said first signal.
5. The apparatus of claim 4, wherein said gas source means includes a metal hydride that releases hydrogen gas when heated and recovers hydrogen gas when cooled.
6. The apparatus of claim 5, wherein said gas source means includes gate means positioned between said metal hydride and said main insulation chamber for selectively passing or blocking flow of hydrogen gas.
7. The apparatus of claim 6, wherein said gate means comprises palladium, which allows hydrogen to flow there through when heated and blocks the flow of hydrogen therethrough when cooled.
8. The apparatus of claim 1, wherein said variable con ductance insulation means is set to inhibit transfer of heat from said housing means when said exhaust gases start flowing through said catalytic converter means, and wherein said second signal actuates said variable conductance insu lation means to enable transfer of heat from said housing means after said exhaust gases and said reactions raise the temperature of said catalytic converter means above light-off temperature.
9. The apparatus of claim 8, wherein said first signal actuates said variable conductance insulation means to inhibit transfer of heat from said housing means when said exhaust gases stop flowing through said catalytic converter S.
10. The apparatus of claim 9, including timer means for initiating said second signal.
11. The apparatus of claim 9, including temperature sensing means for generating said second signal.
12. The apparatus of claim 3, including heat actuateable thermal shunt means positioned between said inner housing and said outer metal enclosure for making metal-to-metal contact between said inner housing and said outer metal enclosure when the inner housing reaches a predetermined maximum temperature.
13. The apparatus of claim 12, wherein said thermal shunt means includes a bimetallic dement that switches from a concave to a convex configuration when the temperature of the bimetallic element reaches said predetermined tempera ture.
14. 17. The apparatus of claim 15, including at least one radiation shield in said main insulation chamber between said inner sidewall and said outer metal enclosure.
18. The apparatus of claim 3, including a thermal con duction spike extending through said inner sidewall into said catalytic converter means and into said main insulation chamber.
19. The apparatus of claim 18, wherein said spike is anchored to said inner sidewall and is thermally expandable and contractible into and out of contact with said outer metal enclosure as a function of temperature.
20. The apparatus of claim 3, including exhaust gas inlet conduit means extending between and separating said inner housing means and said outer metal enclosure for conduct ing exhaust gases into said inner housing means, said inlet conduit means including a corrugated tube fabricated of thin metal foil welded at one end to said outer metal enclosure and at the other end to said inner housing.
21. The apparatus of claim3, including exhaust gas outlet conduit means extending between and separating said inner housing means and said outer metal enclosure for conduct ing exhaust gases out of said inner housing means, said outlet conduit means including a corrugated tube fabricated of thin metal foil welded at one end to said inner housing and said outer metal enclosure.
22. The apparatus of claim 21, including radiation retarder means positioned between said catalytic converter means and said outlet conduit means for interrupting radiation of heat emanating from said catalytic converter means toward said outlet conduit means.
23. The apparatus of claim 21, including convection retarder means positioned between said catalytic converter means and said outlet conduit means for interrupting con vection of heat from said catalytic converter means toward said outlet conduit means.
24. The apparatus of claim 23, wherein said convection retarder means includes ceramic wool fibers.
25. The apparatus of claim 3, including heat exchanger means surrounding said outer metal enclosure for conduct ing heat away from said outer metal enclosure or to said outer metal enclosure.
26. The apparatus of claim 25, wherein said heat exchanger means includes an outer jacket positioned a radially spaced distance outward from said outer metal enclosure and enclosing a main heat exchanger surrounding said outer metal enclosure for containing a fluid heat exchanger medium.
27. The apparatus of claim 26, including a fluid inlet and fluid outlet for conducting said fluid heat exchanger medium into and out of said main heat exchanger chamber.
28. The apparatus of claim 27, wherein said outer jacket comprises compact vacuum insulation, including two hard, but bendable sheets of metal foil positioned in closely spaced relation to each other and sealed around their edges to each other by metal-to-metal welds to form a vacuum chamber therebetween, said vacuum chamber being evacu ated to a pressure at least as low as 10 torr and a plurality of low heat conducting spacers between said sheets to maintain said spacing. 31. The apparatus of claim 27, including fluid conduit means connecting said main heat exchanger chamber to a engine coolant heat exchanger for transferring heat to a water jacket in an internal combustion engine that produces the exhaust gases.
32. The apparatus of claim 3, including heat storage means surrounding said outer metal enclosure for storing heat generated in said inner housing means.
33. The apparatus of claim 32, wherein said heat storage means comprises a phase change material.
34. The apparatus of claim 32, including selectively actuateable trigger means for selectively initiating nucle ation of the phase change material.
35. The apparatus of claim 1, including heat storage means in said catalyst housing means and in contact with said substrate for storing heat generated in said catalyst housing means.
36. The apparatus of claim 35, wherein said heat storage means comprises a phase change material.
37. The apparatus of claim 20, including a secondary heat exchanger connected to said exhaust gas inlet conduit means for taking heat from the exhaust gas before the exhaust gas reaches said substrate.
38. The apparatus of claim 21, including a secondary heat exchanger connected to said exhaust gas outlet conduit means for taking heat from the exhaust gas after the exhaust gas has gone through said substrate.
39. A method of managing heat in a catalytic converter comprising the steps of:
surrounding the catalytic converter with variable thermal insulation that can be varied between "on' to inhibit heat transfer and turned "off' to enable heat transfer; 18 turning on the variable thermal insulation when no exhaust gases are being reacted in the catalytic con verter to retain heat in the catalytic converter; leaving the variable thermal insulation turned on when the temperature of the catalytic converter and is less than the light-off temperature of the catalytic converter; turning off the variable thermal insulation when the temperature of the catalytic converter is above light-off temperature.
40. The method of claim 39, including the step of con trolling the variable thermal insulation between full on and full off to maintain said catalytic converter at a desired 
